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MOZEJIb CETEU C UBMEHSIIOLLEUACSA TONOJIOrMEN

Mopaenb B-A - MMUHMManbHas mopaesb.

[MpocTenwmne NpeanonoXXeHs:
® INHENHbIN POCT <k> —2m
® IMHENHOE NPEeanoYTUTENIbHOE COEANHEHME TI(k,) < k,

He yuutbiBaeTt
Bapuauum pacnpeneneHns cteneHemn
Bapuvauumn rnokasarens pacnpeneneHus
KOS DULUMEHT Knactepmnsaumm, He 3aBUCSALLNN OT pasmMepa

[nnore3sa:
Mopenb b-A MoXeT 6bITb aganTupoBaHa K OnnMcaHuo pasfnyHbiX CBOUCTB
peanbHbIX CETEN.

N3BeCTHble MEXaHN3MbI B pearibHbIX CeTax: gobasneHne HOBbIX CBA3eN 6e3
HOBbIX Y3N0B, MEPECTPONKA CBA3EN, yaaneHne CBA3EN, yaarneHne y3nos.



Mopenb bbsaHKOHU-Bapabalun



MoryT 6onee nosgHue y3rbl UMeTb OONbLUYH CTENEHb?

Mogenb B-A:  k(®)~t” (npeumymecTtBo 1-r0 X0112)

Moaeab b-b: ckp. napamerp (7))

)

Cmeneno (k)

-
epem
Bianconi & Barabasi, Physical Review Letters 2001; Europhys. Lett. 2001.



Mopenb BbsiHkOHU-Bapabawiun

PocT

Ha kakgom ware gobaBnsieTcst HOBbIM Y3€n j ¢ m CBA3AMU U NapaMeTPOM n,
rae n, — cnydanHoe 4ncno, BelbpaHHoe n3 pacnpegenenma p(n). C teyeHnem
BPEMEHM Y KaXKA0ro y3na 3Ha4eHme N, OCTAaeTCsH HeM3MEHHbIM.

NMpepnoytTutenbHoe coeguHeHue
BepoATHOCTb TOro, YTO HOBLIN Y3€en COeANHUTBLCA C Y3IO0M |,
nponopuMoHarbHa NpPon3BegeHno CTENEHN kj y3ana i n napameTpa n;

; k;






Mopenb BbsiHkOHU-Bapabawiun
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PaBHOMepHOe pacnpeaeneHue CKpbITOro napameTpa
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KoHOoeHcauunsa bo3e-OunHwiTenHa



Yzencn [1 OHEPreTn4yecKun ypoBEHb €
HoBbIn y3en ¢ n [1 HOBbIN 3HEPT. YPOBEHDb £
CBA3b K Y35y ¢ n [1 4acTuua Ha YPOBHE €

CeTb [0 KBAHTOBbIN ra3

G. Bianconi and A.-L. Barabasi, Physical Review Letters 2001; cond-mat/0011029



Bo3e-3anHWITEeMHOBCKasA KOHAeHcauus
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p(n) = (1—¢)(1—n)¢



LOW FITNESS
HIGH ENERGY
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Bo3e-3anHWITEeMHOBCKasA KOHAeHcauus

VAN A\

Bianconi & Barabasi, Physical Review Letters 2001; Europhys. Lett. 2001.



[lonpaBkn K mogenu b-A



OrpaHuyeHuna mogenu b-A

1. Mopenb gaet 3HadeHue nokasatens y=3, Toraa Kak B pearibHbIX CETAX OH
BapbupyeTca OT 2 0 5.

2. Mopenb naet cTerneHHOM 3aKOH pacrnpeneneHnsa cTeneHen, Toraa Kak B
pearnbHbIX cUCTEMax HabnaarTca cucTeMaTUYeCcKne OTKNOHEHNST OT
CTeneHHoOW PyHKLUNN, TaKNe KakK HacblleHne Npu MarnbiX 3Ha4eHUSX nUnn
oTcedka npu 6onbLuKnX.

3. Mopenb He yunTbIBaeT pasnnyHble 3rieMeHTapHble MPOLIECChI, KOTOpbIe
MPUCYTCTBYOT BO MHOTUX pearbHbIX CETSX, TakMe KakK NosiBNeHne CBA3EN
MeXay CYLLEeCTBYHOLMMWN yY3namMn, NCHYE3HOBEHNE Y3MNOB UM CBA3EN.



HayanbHas NnpuBJieKaTeJNiIbHOCTb
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BHyTpeHHUe CBA3U

TT(k, )~ (A+BK) (A +B’k’).

LeouHoe npednouymumeribHoe coeduHeHue (A=A’=0).

m
m+ 2n

y =2+

CnyyaliHoe coeduHeHue (B=B’=0).

2n
y =3+—
m



Ucye3HoBeHUE y3mn0OB

r<i1: macwmabHo-uHs. ¢hasa

2
7:3_’_ 1—r

* Mogenb bapabawn-Ansbepr.
* Ha kaxxgom ware: r=1: akcrioHeHUuUaneHas ¢asa
» pobaBnsieTcst HOBbIN Y3es1 C M CBA3SIMU

* C BEPOSATHOCTLIO r y3en yaansieTcs.
r>1: ucyesaruwas cemso



Ucuye3HoBeHuMe y3noB + apyrue npoueccsl

100

80

EXPONENTIAL
60 DEGREE DISTRIBUTION

40 STRETCHED
POWER LAW '\~ EXPONENTIAL
DEGREE

ZAUN- D|STRIBUTION

* Mogenb ¢ Ha4. NPUBMNEKaTENbHOCTbIO:
IH(k) ~A+k
 Ha kaxgom Lware:
* 006aBnsIETCS HOBLIN Y3€s1 C M CBA3SIMU
* C BEPOSATHOCTLIO r y3en yaansieTcs.

r<r*(A): cybkpum. uc4yesHogeHue
r=r*(A): kpum. uc4yesHogeHue

r>r*(A): akcrioHeHuy. cemu



YCKOpPEHHbIU POCT

Mbl nonaranu, 4to L = <k>N, 20e <k> He Yncrno ceBa3en ¢ HOBbIM Y3510M
3asucum om epemeHuU u om N. 6
m(t) = myt

*CpeaHsas cteneHb cetu VIHTepHeT Bbipocna ¢
3.42 (Hosa6pb 1997) oo 3.96 (oekabpb 1998);

*CpenHss cteneHb cetn WWW Bbipocna ¢

[TokasaTenb pacnpeneneHus
7.22 no 7.86 3a NaATb MecALUeB;

; 20
=3+ —
B meTabonunyeckux ceTsax cpeaHsas cTeneHb / 1 =06

pacTeT NOYTU NUHENHO C YNCITIOM
MeTadonuToB.



CtapeHue

H(k,t —t,) ~k(t—1)" IZ:, ggf‘ @O

v<0: Ho8ble y3/1bl cOel. CO cmapbiMu v=0 b= =1y
1 ycunusaemcsi posib rnpeodnoymum. (b) . .
COeOUHeHUs! i
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rnpeowecmeeHHUKOM



m(k)~(t-t)"

Ne s o

r=r*

Stretched
Exponential

r<rt
Scale-free

WAL

BARABASI-ALBERT
MODEL

M(k)~k
y=3

r>re
Exponential




Summary



Section 6 summary : Topological Diversity

e Power-Law
A pure power-law emerges if a growing network is governed by lin-
ear preferential attachment only, as predicted by the Barabasi-Albert
model. It is rare to observe such a pure power law in real systems. This
idealized model represents the starting point for understanding the
degree distribution of real networks.

» Stretched Exponential
If preferential attachment is sublinear, the degree distribution
follows a stretched exponential ( I 5.7). A similar degree-dis-

tribution can also appear under node removal at the critical point
(Figure 6.12).



Section 6 summary : Topological Diversity

e Fitness-induced Corrections
In the presence of fitness the precise form of p, depends on the fitness
distribution p(n), which determines p, via (6.6). For example, a uniform
fitness distribution induces a logarithmic correction in p, as predicted
by (6.8). Other forms of p(n) can lead to rather exotic forms for p,.

» Small-degree Saturation
Initial attractiveness adds a random component to preferential at-
tachment. Consequently, the degree distribution develops a small-de-
gree saturation, as seen in (6.24).

o High-degree Cutoffs
Node and link removal, present in many real systems, can induce
exponential high-degree cutoffs in the degree distribution. Further-
more, random node-removal can deplete the small-degree nodes, in-
ducing a peakin p,.



Section 6

summary : Topological Diversity

In most real networks several of the elementary processes discussed in
this chapter appear together. For example, in the scientific collaboration
network we have sublinear preferential attachment with initial attractive-
ness and the links can be both external and internal. As researchers have
different creativity, fitness also plays a role, hence an accurate model re-
quires us to know the appropriate fitness distribution. Therefore, the de-
gree distribution is expected to display small degree saturation (thanks to
initial attractiveness), stretched exponential cutoff at high degrees (thanks
to sublinear preferential attachment), and some unknown corrections due
to the particular form of the fitness distribution p(n).

In general if wish to obtain an accurate fit to the degree distribution, we
first need to build a generative model that analytically predicts the func-
tional form of p,. Yet, in many systems developing an accurate theory for
p, may be an overkill. It is often sufficient, instead, to establish if we are
dealing with a bounded or an unbounded degree distribution ( ),
as the system’s properties will be primarily driven by this distinction.




Sections | _summany

MODEL CLASS EXAMPLES CHARACTERISTICS

. Erdds-Rény ol "')ielj -
Static Models Watts-Strogatz *p, bounced

* Static, time independent topologies

. Configuration Model * Arbitrary pre-defined p
Generative Models A Su . % LY. P
Hidden Parameter Maodel * Static, ime independent togologies

Barabasi-Altert Madel
Bianconi-Barabasi Model

*p s determmiined by Lhe processeas
initial Attractiveness Madel P d F

.y , that cantnbute to the netwaork s
cvoving Network Models internal Links Mopdel 5 3

Node Deletion Model
Accelerated Growth Madel

Aging Maodel

avatution.

*Time-varying network topologies



LESSONS LEARNED: evolving network models

1. There is no universal exponent characterizing all networks.

2. Growth and preferential attachment are responsible for the emergence

of the scale-free property.
The origins of the preferential attachment is system-dependent.

4, Modeling real networks:
o identify the microscopic processes that take place in the

system
J measure their frequency from real data
o develop dynamical models that capture these

Processes.

o

5. If the model is correct, it should correctly predict not only the degree
exponent, but both small and large k-cutoffs.



